Chronic Q fever is a potentially fatal disease. The current difficulty in the diagnosis of this condition is discussed in the present article. A 51-year-old woman with a history of aortic valve replacement presented with complaints of feeling generally unwell, pyrexia and occasional unproductive cough over a period of several weeks. Phase 1 immunoglobulin G titre to Coxiella burnetii was initially detected at a low level (1:320, detected using immunofluorescence) and was not considered to be significant according to the modified Duke criteria. Later in the course of her illness, the patient's antibody titre rose to a high level (1:1280). The issues regarding current laboratory diagnosis and management of Q fever are discussed. Chronic Q fever can be associated with an inadequate serological response. Close follow-up of cases is essential. The recommended serological criteria for the diagnosis of Q fever endocarditis needs to be revisited.
Q fever is a zoonosis that occurs worldwide and is caused by Coxiella burnetii, an obligate intracellular Gram-negative bacterium (1) . It is mainly known as an occupationally acquired infection in individuals who have had contact with domestic animals (2) .
Q fever has a high variability in clinical manifestation, although most cases are either asymptomatic (60%) or mildly symptomatic with spontaneous recovery (2) . Acute disease may range from flu-like syndrome to severe pneumonia and hepatitis (2) , and may lead to serious complications, including death, especially in patients with meningoencephalitis or myocarditis and, more frequently, in cases with chronic infection associated with endocarditis (2) . Up to 5% of patients with acute Q fever develop endocarditis (3) . Patients at risk for chronic Q fever include individuals with cardiac valve pathology, aneurysms or vascular grafts and, to a lesser extent, immunocompromised hosts and pregnant women (2, 3) . Endocarditis is the most severe and potentially fatal form of chronic Q fever. This is the most common cause of blood culture-negative endocarditis and comprises 3% to 5% of all endocarditis cases (4) . We present a case of Q fever endocarditis and highlight the difficulty with regard to diagnosis and management.
CASe PReSeNtAtIoN
A 51-year-old woman, who was hemodialysis dependent because of chronic renal failure, was admitted University Hospitals Birmingham (Birmingham, United Kingdom) in February 2011 with a history of fever, occasional unproductive cough and feeling generally unwell for several weeks, and feeling more unwell with high fever during the week before the admission. She was last discharged from the hospital two weeks previously, having been admitted with a history of pyrexia and a slight cough. No abnormalities on clinical examination and a chest x-ray were noted at the time. Laboratory investigations revealed the following abnormalities: a hemoglobin level of 90 g/L (long standing), alkaline phosphatase of 602 U/L and an international normalized ratio of 3. Her C-reactive protein (CRP) level was noted to be 15 mg/L. She had been discharged home with oral ciprofloxacin for three days. There was no relevant travel or occupational history. Apart from chronic renal failure, her underlying medical conditions included type 2 diabetes mellitus, probable systemic lupus erythematosus and hypertensive disease. She had undergone an aortic valve replacement with a metallic valve in 2000 due to severe aortic stenosis. She had a left brachiocephalic fistula for hemodialysis. There was no recent history of contact with animals. Her current medications included insulin, warfarin and a statin.
At the time of the current admission, the patient had a temperature of 38.5°C, but no other abnormal clinical findings were noted. Peripheral blood count and blood biochemical analysis revealed the following abnormalities (aside from findings of renal impairment): a hemoglobin level of 63 g/L, CRP level of 205 mg/L, alkaline phosphatase level of 460 U/L and an international normalized ratio of 7.9. She was empirically started on meropenem two days after admission, followed by the addition of linezolid and rifampicin four days later. She remained pyrexial (≥38°C) after eight days of admission, at which time gentamicin was added. A transesophageal echocardiogram performed on this day revealed a mild paravalvular aortic regurgitation, a small mobile mass on the upstream side of the implanted aortic valve, moderate mitral and tricuspid regurgitation and good left ventricular systolic function. Meropenem and linezolid were discontinued the CAse report following day and daptomycin was commenced. Gentamicin and rifampicin were continued. Eleven sets of blood cultures, including two drawn before the initiation of antibiotic therapy, remained negative.
At two weeks of admission, Q fever serology (indirect immunofluorescence) was reported to be positive in a low titre (Table 1) . A repeat sample was advised and the current titre of antibodies was considered to be indicative of previous Q fever infection; therefore, specific therapy against Q fever was not commenced. She continued to be pyrexial, although her CRP level declined to 78 mg/L at three weeks of admission and she generally felt better. Noninfectious causes of endocarditis (marantic endocarditis) were considered. Antinuclear antibodies and antineutrophil cytoplasmic antibodies were not detected; C3 and C4 complement levels and serum immunoglobulin (Ig) G, IgA and IgM levels were tested and noted to be within the normal range, and her IgE level was below normal.
A computed tomography scan of the thorax, abdomen and pelvis on the 22nd day of admission revealed mediastinal lymphadenopathy, cardiomegaly, a small right pleural effusion and ground-glass changes throughout the lungs (reported to be most likely due to fluid overload), a possible small infarct in her spleen and no evidence of neoplasia. A diagnosis of tuberculosis was considered. At six weeks of admission, because of continuing pyrexia, current antibiotics comprising daptomycin, gentamicin and rifampicin were considered to be inappropriate and were withdrawn after a period of 14 days. A combination of doxycycline 100 mg twice daily and ciprofloxacin 500 mg twice daily orally was commenced.
A stored sample of serum obtained before the current episode was sent to the reference laboratory for analysis, as well as additional serum samples for Q fever serology, which subsequently showed a fourfold rise of phase I IgG titres in the latest sample (Table 1) .
She remained intermittently pyrexial with a progressive decrease in CRP level at four weeks of admission. Malaria, Brucella, Bartonella and Toxoplasma serology and serum cryptococcal antigen tests were unremarkable or negative. Atypical pneumonia serology revealed a low titre of antibodies (1:32) against influenza A and B; antibodies to Mycoplasma pneumoniae, Chlamydia psittaci, respiratory syncytial virus and adenovirus were negative. Brucella and Toxoplasma serology were reported to be negative. She remained cardiovascularly stable, gradually became apyrexial with a significant overall improvement and normalization of CRP level. She was discharged home after five weeks of admission with advice to continue the abovementioned medications against Q fever.
On outpatient review six weeks postdischarge, she was afebrile without any signs of heart failure, but was experiencing increasing symptoms of breathlessness. Her CRP level on this visit was noted to be within the normal range. She subsequently reported intolerance (nausea and vomiting ) to the antibiotics (doxycycline and ciprofloxacin) at 10 weeks postdischarge. Her medications were subsequently changed to a combination of doxycycline 100 mg twice daily and hydroxychloroquine 200 mg once daily orally. However, she was noted to have experienced significant weight loss by 12 weeks postdischarge, with complaints of nausea and loss of appetite although she reported that she had been compliant with the medications. She was readmitted four months post discharge. She was noted to be pyrexial (temperature >38°C) and her CRP level had risen to 297 mg/L. Antibiotic therapy was again changed to a combination of ciprofloxacin 250 mg twice daily and rifampicin 450 mg twice daily orally. A repeat transesophageal echocardiogram on this admission revealed no abnormality. A repeat computed tomography scan of the thorax was unremarkable and resolution of the previously reported lymphadenopathy was noted. A repeat Q fever serology on this admission showed a higher titre of phase I antibody (Table 1) . She was subsequently noted to have a subacromial bursitis of her right shoulder and lymphadenopathy of the cervical and axillary regions. The possibility of a coexistent infective process, such as tuberculosis, was again considered. However, she experienced gradual improvement in her general condition, accompanied by reduction of her CRP level and occasional pyrexial periods. She was transferred to an infectious disease unit for a second opinion, where she continued on ciprofloxacin and rifampicin and was subsequently discharged home after two weeks with advice to continue the current medications. A transthoracic echocardiogram subsequently showed no paravalvular aortic regurgitation, normal left ventricular size and function. She was last followed up in the clinic on September 3, 2012, when she was noted to be generally well, apyrexial and her CRP level was within the normal range.
Histological examination of the cervical lymph node revealed reactive changes including sinus histiocytosis without any evidence of malignancy. Special staining, including Ziehl-Nelsen, Grocott, periodic acid-Schiff and Gram staining of the lymph node sections, were unremarkable. The lymph node tissue, fluid from the right shoulder bursa and biopsy of the right shoulder tissue were negative on culture including Mycobacteria. Shoulder tissue and the bursa fluid were reported negative for C burnetii by 16S polymerase chain reaction (PCR), routine bacteria and Mycobacteria. Histology of the lymph node indicated reactive changes. The histological sections of the explanted aortic valve from 2000 were re-examined and noted to have chronic inflammatory changes; however, 16S PCR could not be performed because the tissue sample was not viable. The most recent Q fever serology (one year after the initial presentation) revealed a negative phase I IgG titre (Table 1) .
DISCuSSIoN
Q fever endocarditis is the primary identifiable etiological agent of blood culture-negative endocarditis (4). Up to 5% of acute Q fever cases develop chronic infection after several months to years after an acute infections (2, 5) . Infective endocarditis is the major manifestation of chronic Q fever, accounting for 60% to 80 % of all chronic Q fever cases (2, 3, 6) . Abnormal native or prosthetic valves are most commonly affected (1) .
Clinical diagnosis of chronic Q fever, particularly endocarditis, remains difficult and is often delayed because the symptoms are nonspecific; the common criteria for the diagnosis of endocarditis, such as fever and positive echocardiographic findings, are frequently absent and routine blood cultures are negative (6) .
The major histological features of endocarditis are minimal, absent or nonspecific, resembling a degenerative process (7) . Cardiac vegetations, when present, are small and are associated with mononuclear cell infiltrations, extensive fibrosis and, frequently, calcification. The diagnosis is confirmed using serology. A delay in the diagnosis of chronic Q fever is associated with a worse prognosis and higher mortality (8) . When untreated, the disease is mainly associated with death and, even with appropriate treatment, is associated with a significant mortality of 10% at five years (6) . Lymphadenopathy detected in our patient further complicated the clinical management by raising the possibility of tuberculosis/neoplasia. Lymphadenopathy and osteoarticular involvement are only rarely observed in Q fever (9, 10) . The sensitivity of PCR testing of peripheral blood is variable and has not been evaluated prospectively. A history of exposure to animals is often absent, as in our case. The diagnosis of Coxiella endocarditis is, therefore, often complex. Currently, the diagnosis is mainly based on positive serological tests. The original Duke criteria, developed for the diagnosis of infective endocarditis, include vegetations and positive blood cultures as major criteria. However, vegetations are usually absent and conventional blood cultures are negative in Q fever. The modified Duke criteria include a positive result on Q fever immunofluorescence assay of phase 1 IgG antibody titre ≥1:800 in the major criteria for the diagnosis of endocarditis (11) . The IgG antibody titre in our patient, when first tested at presentation, was below this level and was, therefore, interpreted to be of uncertain significance. Although the patient had risk factors for chronic Q fever and a probable cardiac vegetation, her low titre of phase 1 IgG antibody combined with a lack of prompt and sustained response to specific antimicrobial treatment against Q fever led to difficulty in the management.
Discrepancies among the results of serological tests from different reference laboratories was reported by Healy et al (12) in a study involving the follow-up of 102 patients after a point source outbreak in Newport, United Kingdom, further contributing to the challenges in the diagnosis of chronic Q fever.
In the largest cohort of Q fever endocarditis published to date, Million et al (6) identified the association of prosthetic valve infection with higher mortality, frequent stroke, delayed serological cure, need for longer treatment course and higher risk of relapse. On the basis of these data, the optimum management includes a longer course of therapy (24 months) with doxycycline and hydroxychloroquine for prosthetic valve infections. Intolerance to the recommended drugs can be a problem, as illustrated in our case, which further complicates the management. Although the patient reported compliance with the medications, her initial lack of response to treatment containing doxycycline may have resulted from inadequate absorption of the antibiotics due to frequent vomiting. The combination of rifampicin with a fluroquinolone has been shown to be effective in vitro and has been used in cases of endocarditis (1, 13) . Our patient tolerated the above combination, with clinical and serological improvement.
In the absence of close follow-up with serological results for C burnetii, the diagnosis of chronic Q fever would have been missed because of initial low titre of phase I IgG antibody. We assume that deficient immunological status due to chronic renal failure and hemodialysis contributed to the initial lack of adequate antibody response and to the protracted course despite appropriate antibiotic therapy.
CoNCLuSIoN
Chronic Q fever endocarditis may be associated with an atypical presentation and have a protracted course in spite of antibiotic therapy. Serological response in chronic Q fever may be associated with a low or fluctuating antibody titre. The possibility of chronic Q fever should be considered as a cause of an unexplained fever and should not be dismissed in the presence of an inadequate or atypical serological response, especially in immunosuppressed patients. Careful clinical and serological follow-up is essential in high-risk patients to detect its evolution over time. More research is needed to improve laboratory diagnosis, including reconsideration of the recommended serological criteria for the diagnosis of Q fever endocarditis.
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